Reducing a complex phenomenon into a simplified description may help us to understand general issues and to make limited decisions, but can hardly allow us to accurately predict the consequences of an intervention. The case of the antiatherogenic diet is discussed. Simplified approaches, aimed at correcting single components of a diet, privileging the lipid theory over more comprehensive ones, sustained by the illusion that removing one single substance (the lowering-cholesterol mantra) would defeat cardiovascular disease, have led us to faulty results, because the interactions among components and their interconnections are not negligible. The industry's interest in shifting the diet of millions of people in well-defined and profitable directions (lowfat, but sugar-rich for tastefulness reasons, as an example), in advance of well founded scientific evidence about benefit, has been mostly relevant. Nowadays, it is well recognized that refined and sweetened foods, not fats, are the main cause of obesity and diabetes, and that the cardiovascular risk is more dependent on the quantity of food consumed rather than the type of food. In recent years the attention of the researchers has moved from qualitative dietary studies and unnatural regimes, to quantitative diets and more naturally balanced regimes, within the concept of globally health life styles, against any reductionism.
Introduction
Simplifying difficult issues is an essential part of life; reducing a complex phenomenon into a simplified description helps us to understand the general ways in which this phenomenon functions. The reduction enables us to make predictions and makes it possible for us to intervene in straightforward ways when problems arise. For example, if a watch stops, I can take it apart, analyze the individual gears, find the cause of the malfunction and adjust or change a single piece, according to a linear logic of cause and effect. On the other hand, when the systemic elements of a phenomenon are linked by an intricate network of relationships (often indecipherable) the process of simplification becomes a much more delicate task; the results of which can make it difficult to accurately predict the consequences of our interventions. To illustrate this let's consider the introduction of a selective herbicide, which, in theory, should only destroy specific weeds species. However, if this herbicide also prevents the replication of certain insects, and these insects are the primary source of food for a particular species of bird, a likely unintended consequence is that this bird species will become extinct. Similarly, through a chain of interconnected and unpredictable events, instead of predicted benefits, the elimination of a single element from the human diet can create damaging unintended consequences; banishing fats and cholesterol for half a century from the diet of Western populations is one such example.
The mantra
The concept that fat and cholesterol intake should be lowered to reduce the risk of heart attacks has dominated dietary advice for five decades. Post-war, two diverse theories arose; John Yudkin's theory considered sugar to be the major cause of coronary heart disease, whilst Ancel Key's theory suggested that the major cause was dietary fat, especially saturated fat and cholesterol. Keys' theory was based on a comparison between the rate of cholesterol in the blood and the rate of heart failure in the populations of 7 countries. 1 However, in this highlyquoted investigation, the analysis of Crete's population was based on data from only 9 people. Despite this, Keys' theory prevailed, supported by numerous other studies. The data from these studies included the high presence of cholesterol in atherosclerotic plaques; the occurrence of arterial plaques in rabbits fed with highfat diets; the increased incidence of cardiovascular events in hypercholesterolemic patients; the differences of infarction rates between populations with different types of diet; and, lastly, the fact that the use of cholesterol-lowering drugs, such as statins, had reduced the incidence of cardiovascular events and death. 2 Thus, cholesterol was considered, for almost half a century, the leading killer of modern times and the low-fat diet became the cornerstone of nutrition in the Western world.
Cholesterol killer
In 1980 the collection of these data led the US Department of Health and Human Services to define rules (Dietary Guidelines for Americans) for a diet that would reduce the burden of cardiovascular events based on two dietary changes; reducing fat consumption below 30% of the total dietary intake of calories and reducing saturated fatty acids below 10%. These recommendations would also serve to avoid weight gain, since fats have a higher content of calories (9 per gram) than carbohydrates (4 per gram). Soon after relentless campaigns were launched which promoted the reduction of fat percentages in the mean American diet from 40 to 30%. However, instead of the predicted benefits, these dietary changes caused some unexpected and paradoxical consequences -increased incidence of type 2 diabetes, the prevalence of obesity was tripled and a halt occurred in the progressive reduction of cardiovascular disease, despite the use of pharmacological and interventional therapies. 3, 4 Meanwhile, the food industry, under the pressure of huge economic interests, contributed to this trend, suggesting the replacement of butter (animal origin, rich in saturated fatty acids and solid at room temperature) with substitutes such as margarine (vegetable origin, rich in unsaturated fatty acids and liquid at room temperature), neglecting the fact that the process of solidification of unsaturated fatty acids involves their hydrogenation -a transformation into saturated fatty acids -and compensated for the lowered palatability of these processed foods with the addition of sugar. Once butter had been replaced in industrial food preparation and home cooking, it was then discovered that these new products actually increased low-density lipoprotein (LDL) cholesterol, reduced high-density lipoprotein cholesterol and increased the incidence of cardiovascular events. 5 That is why the Food and Drug Administration (FDA) banned margarines in 2014.
Much research, many uncertainties
During the last half-century, an enormous amount of data from observational and experimental research has been accumulated on the relationship between food and health; yet it suffers from specific limitations. The observational studies were based on one-off questionnaires investigating people's usual diets; this means that self-declarations are not always verifiable (the National Health and Nutrition Examination Survey found that daily calories introduced were incompatible with life in 2/3 of the spontaneous statements of the respondents 6 ), secondly, that reducing each diet into its individual components (carbohydrates, lipids, proteins, salts, vitamins, etc.) introduces distortions and, thirdly, that over the years (or even the seasons) there are changes in dietary habits not accounted for in the questionnaire. In the case of experimental studies, having to force large populations to adapt to a very particular diet means that research of this type cannot be conducted for long periods of time, and therefore these studies can only be used to evaluate surrogate end points (modification of biological parameters, rather than clinical outcomes).
Despite these biases, which affected the results of research in support of both the lipid theory and glucose theory, more credit was given to the first hypothesisthe result of which was a worldwide mass experiment, uncontrolled, based on weak data and influenced by conflicts of interest.
The role of industry
Changing the diets of millions of people can move huge economic resources, therefore, it was clear that the food industry would profit from influencing eating behavior. Kearn, 7 for example, restored the role played by the Sugar Research Foundation. In 1954, observing the growing interest in low-fat diets, the Foundation assumed a strategic market opportunity and began to fund researchers to demonstrate the benefits of a diet rich in sugars. They enlisted opinion leaders to support this hypothesis and then started information campaigns to demonstrate that sugar is essential for life.
The turning point
With the passing of years and the accumulation of scientific evidence favoring the sugar hypothesis, dominant thought has finally cracked and the alternative hypothesis has forged ahead, so much so that the scientific community now believes that there is not, in fact, such a close relationship between cholesterol intake, the concentration of serum cholesterol and cardiovascular events. 8, 9 Furthermore, for years now physicians have been recommending that their patients reduce fat intake, yet finding that LDL cholesterol levels were only reduced minimally in the face of substantial dietary changes. However, on recognizing that refined and sweetened foods, not fats, are the main cause of obesity and diabetes, the eighth edition of the Dietary Guidelines for Americans 10 in 2015 stated that food-related cholesterol intake should no longer be considered a risk factor for heart disease, and that the limitation on the 
Learning from mistakes
For many years, food science has limited itself to studying the metabolic activity of individual components 11 (and still does); neglecting to study the interactions between components, and disregarding the network of interconnections that link them. This reductionist approach fuelled the myth of an ideal diet that is built only on substances deemed useful, 12 and, by ignoring all contrary data, imposed a single and irrefutable thought; the illusion that removing one substance from the diet of millions of people would defeat cardiovascular disease.
What follows are some considerations that have been neglected in this approach: i) the lipid hypothesis is evocative but simplistic; ii) biology does not work in a linear fashion, but as a complex system; iii) the body's mechanisms that regulate the welfare and the development of disease do not depend only on energy intake; iv) metabolism is not simply regulated by individual elements, but by the combination of ingredients, by the rhythms of meals, by habits, by cycles of nature, by local ingredients and finally by the pleasure of eating; v) the elimination of an important component in the diet implies the replacement with something else; vi) the food industry interferes with science in ways which directly affect research and consumer choices, introducing new products even before they have been proven safe; vii) a comprehensive healthy life (no smoking, weight control, regular exercise and a careful diet with the adoption of vegetables, fruit, fish and unrefined carbohydrates) can halve the relative risk of cardiovascular events even in people at high genetic risk. 13 In fact, in recent years the attention of researchers has shifted from qualitative dietary studies, which often impose unnatural dietary regimes, to quantitative diets, given that obesity and cardiovascular risk are more dependent on the quantity of food consumed, rather than the type of food. 14 After decades of propaganda, how can we now remove a concept that is so ingrained? People continue to avoid dairy products, or at most base their choices on partially or wholly skimmed milk products (without taking into account -for example -the impact of the reduction of calcium on osteoporosis and spontaneous fractures). A 2004 survey found that the majority of Americans avoided foods containing fats and cholesterol, and consumed excessive amounts of refined carbohydrates (white bread, rice, crackers, cereals, baked goods) as their main source of calories. How long will it take to change and transform these deeply rooted habits? As Ioannidis argues: 15 Definitive solutions will not come from another million observational papers or a few small randomized trials. Randomized trials are needed mainly to inform the design of pivotal mega-trials of comprehensive interventions. We should also continue to explore other aspects of food and nutritionsuch as food security, sustainability, social inequalities, famine, and impact of food production on climate change -that may also affect human societies and wellbeing through multiple pathways. Food and nutrition may well make a major difference, but perhaps for reasons other than those that are usually touted, debated about, and contradicted.
